Background High rates of heterotopic ossification have been associated with hip resurfacing as compared to THA. Bone debris from femoral head reamings is cited as one of the risk factors linked to increased rates of heterotopic ossification. Questions/purposes We therefore asked whether (1) the incidence of heterotopic ossification differed with and without the use of a plastic drape used to collect bone debris and (2) any of a number of variables (age, gender, diagnosis, previous hip surgery, operative time, and blood loss) related to the occurrence of HO. Methods We retrospectively reviewed 136 hip resurfacings performed using one of two techniques: Group 1 contained 64 hip resurfacings performed using a sterile drape around the femoral neck while reaming the femoral head to collect bone debris; Group 2 contained 72 hip resurfacings carried out with manually removing bone debris and utilizing a pulse lavage. Data were collected with respect to diagnosis, gender, previous surgery, postoperative complications, operative time, and blood loss to rule out confounding variables. The amount of heterotopic ossification was measured radiographically in hips after undergoing resurfacing arthroplasty. The minimum followup was 6 months (mean, 15 months; range, 6-27 months). Results No patient had heterotopic ossification of clinical importance and none had resection of the heterotopic ossification. Group 1 had a lower overall incidence of minor heterotopic ossification (32%) than Group 2 (58%). Risk factors linked to heterotopic ossification include male gender and operative time.
Introduction
Heterotopic ossification (HO) is a common finding in radiographs of patients after THA and is an important complication that can compromise a patient's function. The incidence of HO after THA in the literature ranges from 5% to 90%, but recent studies suggest an incidence of 32% to 67% [2, 8, 12, 22] . For some patients, HO is an incidental radiographic observation, but as many as 10% can experience functional impairments, such as pain and decreased ROM due to the inflammatory reaction produced by HO [22] . HO has also been associated with trauma, burns, genetic disorders, and soft tissue sarcomas [19, 26, 31] . The amount of HO differs greatly from small islands of bone within the soft tissues to bone spurs and ankylosis.
Typically, the HO is asymptomatic, but a patient's function can be influenced with higher degrees of ossification resulting in impairment of the hip arthroplasty due to impingement, instability, and decreased ROM [25, 34, 41] . HO occurs in the early postoperative course, becomes visible in 3 to 6 weeks, and matures in 3 months to 1 year [2, 33, 36] . In the first few months postoperatively, patients developing HO may suffer from symptoms of the inflammatory process, including local pain, mild edema, and erythema, which could be confused with infection [10, 16, 28] . Functional limitations are correlated to the severity of the heterotopic bone as described by Brooker et al. [12] with Grades III and IV deemed clinically important.
Hip resurfacing arthroplasty has undergone resurgence in recent years as a treatment for the young, active patient with osteoarthritis (OA) [5, 7, 14, 23, 47, 50] . The proposed advantages of hip resurfacing over THA include preservation of bone stock, restoration of hip biomechanics, lower dislocation rates, and more straightforward revisions [23, [49] [50] [51] . Complications associated with hip resurfacings include femoral neck fractures, avascular necrosis (AVN), increased metal ion levels, and increased incidence of HO [9, 23, 29, 42, 50] . Increased rates of HO have been linked to the extent of mechanical trauma at the time of surgery and have been positively correlated with the difficulty of the operation [3, 21] . Back et al. [8] prospectively reviewed 220 hip resurfacings with an overall HO rate of 58%. Two patients in the study underwent excision of HO for pain and stiffness, and one patient had resection for decreased ROM.
Surgeons cannot control patient-related risk factors for HO, including ankylosing spondylitis, diffuse idiopathic skeletal hyperostosis, male gender, previous hip surgery, and history of heterotopic bone, but surgical factors can be controlled [2, 3, 8, 18, 22, 25, 33, 35, [52] [53] [54] 58] . Surgical risk factors, including operative time, approach, difficulty of the procedure, soft tissue trauma, and bone debris, have been linked to increased rates of ectopic bone [2, 3, 8, 18, 20, 21, 25, 30, 33, 48, 53, 54] . Presuming bone debris is related to the frequency of HO, one of us (WGW) began using a sterile plastic drape to collect and contain bone debris during the preparation of the femoral head.
We therefore asked whether (1) the incidence of HO differed without and with the use of the plastic drape; and (2) any of a number of variables (age, gender, diagnosis, previous hip surgery, operative time, and blood loss) related to the occurrence of HO.
Patients and Methods
We identified and retrospectively reviewed all 149 hip resurfacing procedures performed by the two senior authors (WGW, RHJ) between June 2006 and May 2008. We excluded 13 patients revised to THA, five due to femoral neck fractures and two for acetabular loosening. No patients had a prior history of HO, and none received any form of HO prophylaxis. Six patients were lost to followup. This left 127 patients with 136 hip resurfacings. The patients were divided into two groups depending on whether a plastic drape had been used during the preparation of the femoral head: 60 patients (64 hips) with the drape and 67 patients (72 hips) without the drape. Before data collection, the adequate sample size was measured to be 130 (65 in each groups) based on the significance level of p \ 0.05, power of 80%, and the targeted difference between the rate of HO in the two groups of 20%. This targeted difference of 20% was an arbitrarily chosen figure based on a reduction of rate of HO in patients with hip resurfacing from the previously published figure of 58% [8] . The actual power of the study after the data collection was analyzed for the main part of the study based on the difference in the rate of HO as a percentage of total resurfacings in each group, each sample size, and a confidence level of p \ 0.05. The statistical power of the study was 0.86. The preoperative diagnosis included OA, AVN, posttraumatic arthritis, and arthritis secondary to dysplastic hip disease, with no cases of hypertrophic OA. The mean age at operation was 48 years (range, 19-66 years). There were 66 left and 70 right hips, 96 men and 31 women. Staged bilateral resurfacings included in the study were performed in nine patients. Prior surgeries, including core decompression, hip arthroscopy, intramedullary nailing, and open reduction internal fixation of acetabular and proximal femur fractures, had been performed on 12 patients receiving hip resurfacing on the ipsilateral side. None of these patients had HO resulting from their original surgery. The minimum followup was 6 months (mean, 15 months; range, 6-27 months). No patients were recalled specifically for this study; all data were obtained from medical records and radiographs.
The procedures were carried out using a posterior approach with a 5-8 cm extended incision as compared to a standard THA approach. A capsulotomy was performed and the capsule completely released so that the femoral head could be displaced anteriorly and superiorly into a submuscular pocket to allow for acetabular exposure. The acetabulum was prepared with acetabular reamers and underreamed by 1 mm. Both surgeons implanted the acetabular components immediately after the acetabular preparation, and both surgeons prepared the femoral head similarly. A Steinmann pin was inserted with the help of the pin-centering guide or computer-assisted navigation. One surgeon (RHJ) usually prepared the femur first while the other (WGW) usually prepared the acetabulum first, unless the femoral head was excessively large, in which case he also prepared the femur first. Except for the following steps, the acetabular preparation and femoral head preparation were virtually identical. Both surgeons successively reamed and shaped the femoral head ( Fig. 1) , being careful to stop at the head-neck junction to avoid notching the superior aspect of the femoral neck. However, one surgeon (RHJ) manually removed bone debris using forceps and pulse lavage until the wound was clear of debris ( Fig. 2) whereas the second surgeon (WGW) added an additional step before lavage in which he used a sterile plastic drape with a hole centered in the middle (3 M Health Care, St Paul, MN) to cover the entire wound, leaving the femoral head and neck exposed through the hole in the drape as described by Amstutz [4] (Fig. 3) . The surgeon then proceeded to prepare the femoral head while the drape served to catch the majority of bone debris (Fig. 4) . The drape containing the bone debris was then removed from the wound and placed onto the back table ( Fig. 5 ) and any remaining bone debris was meticulously removed manually. Once components were placed, the hip was reduced and checked for stability and ROM, and the wound was copiously irrigated with normal saline using pulse lavage. Both surgeons manually débrided any devitalized or traumatized abductor muscle tissue (most commonly traumatized fibers of the gluteus minimus muscle) immediately before closure. The incisions were closed over a drain, and patients followed the same The prosthesis used in all cases was the Birmingham Hip 1 Resurfacing prosthesis (Smith and Nephew, Memphis, TN). The components consist of a hydroxyapatitebacked acetabular component with a cemented femoral component. The cement used was Simplex 1 (Stryker Howmedica Osteonics, Kalamazoo, MI). The patients who underwent surgery by WGW and had a plastic drape for the collection of the bone debris during femoral head reaming were the treatment group (Group 1) ( Fig. 4 ) and the group who had manual removal of bone debris operated on by RHJ were chosen as the control group (Group 2) ( Fig. 2) . Nursing, anesthesia records, and operative notes were reviewed to record blood loss and operative time.
Group 1 with the plastic drape technique consisted of 64 hips in 60 patients (Table 1 ). There were 47 men and 13 women; 45 hips had a diagnosis of OA and 15 hips a diagnosis of AVN. Two patients in this group had previous hip surgery, one with an intramedullary nail and the other status post open reduction internal fixation of a subtrochanteric femur fracture. The mean age at the time of surgery was 49 years (range, 23-65 years). Mean operative time was 153.7 minutes (range, 67-255 minutes), and mean blood loss was 354 mL (range, 100-1200 mL). Group 2 without the draping technique had 72 hip resurfacings in 67 patients (Table 1 ). There were 49 men and 18 women; 48 hips had a diagnosis of OA, 14 AVN, four posttraumatic arthritis, and one OA secondary to dysplastic hip disease. Ten patients in this group had previous hip surgery, including five patients with hip arthroscopy, three with status post open reduction internal fixation of acetabular fractures, one with intramedullary nail, and one with core decompression. The mean age at the time of surgery was 48 years (range, 20-67 years) with a mean operative time of 101.9 minutes (range, 55-170 minutes) and an average blood loss of 398 mL (range, 100-1900 mL).
Radiographs were taken with a standard magnification of 115%, digitized, and stored in a picture archiving and communication system. AP radiographs of the hip were taken preoperatively and at the immediate postoperative, 6-week, 6-month, and annual postoperative followups. Patients were seen in followup at 2 weeks for staple removal and then at 6 weeks, 3 months, 6 months, and 1 year for routine hip examination.
One of us (JSS) determined the presence of HO on the AP radiographs classified according to Brooker et al. [12] . The classification grades HO in four classes ( Table 2) . The reviewer was blinded to patient and surgeon and evaluated preoperative and immediate postoperative and followup radiographs. The films were evaluated to ensure patients with previous surgery did not have previous HO that would confound results and retained bone from the initial surgery seen in the immediate postoperative radiographs would not be considered HO. The Brooker classification system is a common rating scale for HO; however, Della Valle et al. [16] reported fair intraobserver reliability (j = 0.74) and poor interobserver reliability (j = 0.43). The use of the plastic sterile drape as a specific risk factor for HO was evaluated. Rates of HO between Groups 1 and 2 were compared using z test with Yates correction applied to calculations. Multiple logistic regression analysis was performed to evaluate for statistically significant differences in other variables, including age, gender, diagnosis, operative time, blood loss, previous surgery, and postoperative infection. The data were compiled and tabulated using Microsoft 1 Excel 1 spreadsheets (Microsoft Corp, Redmond, WA). All statistical analyses were performed using SigmaStat 1 software (Systat Software Inc, San Jose, CA).
Results
The total rate of HO for all resurfacings was 46%, with 30% Brooker I, 9.6% Brooker II, and 8.8% Brooker III. Group 1 had a lower (p = 0.005) overall HO rate (32%), with 13 Brooker I, five Brooker II, and three Brooker III, than Group 2 (58%), with 25 Brooker I, eight Brooker II, and nine Brooker III (Table 2 ). There was no difference between the two groups when the HO was stratified by the level of severity using the Brooker classification.
We found no relationship of age, diagnosis, previous hip surgery, postoperative infection, and blood loss with surgical technique and HO. However, male gender (p = 0.004) and operative time (p = 0.046) were found to have a relationship with postoperative HO (Table 1) .
Two patients in Group 1 had a postoperative course complicated by draining hematomas treated by irrigation and débridement along with intravenous antibiotics. None of the patients had revision or implant removal. One patient in Group 2 underwent irrigation and débridement of a superficial ulcer for a nonhealing wound postoperatively.
Discussion
With recent advances of metal-on-metal bearing surfaces, hip resurfacing has made a revival for the treatment of OA and AVN in the young, active population. THA is commonly associated with HO; however, hip resurfacings have been linked to increased rates of HO [3] . The exact pathogenesis of HO is unknown, but it is thought to result from the differentiation of mesenchymal cells into osteoprogenitor cells. To form heterotopic bone, there must be an inciting event such as surgery, a supply of mesenchymal cells such as bone debris, and a signal from the site of injury in an environment conducive to promoting the growth of heterotopic bone [2, 13, 26, 31] . HO can be experimentally induced by trauma to soft tissues, transplantation of living cells, or using extracts from bone such as BMP [1, 6, 19, 43, 55, 56] . Several authors have attributed bone dust as leading to the stimulation of HO [20, 25, 30, 33] . Ahrengart [2] and Sell et al. [48] proposed clearing the operative site of bone particles contributes to lower rates of HO. Our study proposed to evaluate whether a plastic drape used to limit the amount of bone debris deposited in the wound would decrease the rates of HO. Other risk factors for HO were also examined in this study, including age, gender, diagnosis, previous hip surgery, operative time, and blood loss.
Our study is subject to certain limitations. First, it is a retrospective review and the groups were not randomly selected. Second, this study is a review of two surgeons who might have had somewhat differing techniques. We believe the study would be ideally performed by a single surgeon in a random, prospective trial comparing plastic drape versus manual débridement alone. However, the two surgeons performed similar procedures with the exception of the use of the plastic sterile drape to collect bone debris. Each surgeon has HO rates in his THA population of 48%, the majority of which are Brooker I. As these two surgeons have similar rates of HO in their THA population, one can extrapolate similar techniques in the resurfacing approach should offer comparable rates of HO in their resurfacing population should the plastic drape not be used.
No patient had HO of any clinical importance and none had resection of the HO without or with the plastic drape. The majority of the HO seen in our population was Brooker I or II. Twelve patients did have Brooker III HO but had no functional limitations related to ROM, pain, or impingement. Brooker et al. [12] deemed Brooker III clinically important as increasing severity of ectopic bone has greater potential to cause such functional limitations and should raise clinical awareness when visualized on radiographs before examination, but we did not find these limitations in these 12 patients. The creation and removal of bone debris, considered a factor in development of HO, can be controlled by the surgeon. The ectopic bone is usually located lateral to the hip in the abductor musculature and about the tip of the greater trochanter, but it can be visualized medially, corresponding to the iliopsoas muscle and lesser trochanter [2, 15, 21, 44, 45] . This correlates to the location of HO we found. Rumi et al. [46] suggest osteoprogenitor cells responsible for HO originate from both the hip abductors and the femoral canal and the efficacy of local radiation indicates the osteogenic precursor cells are derived from local tissue rather than blood-borne cell lines. The femoral canal is not violated in hip resurfacings, but reaming and shaping the femoral head leave a substantial amount of bone debris that may supply the osteoprogenitor cells needed to stimulate bone growth within the soft tissues. The majority of these reamings are captured with the use of the plastic drape in an effort to limit the amount of bone debris deposited in the wound and decrease HO rates from 58% in Group 2 without the drape to 33% in Group 1.
Risk factors associated with HO in this study included operative time and male gender. Soballe et al. [53] and Hierton et al. [21] found increased duration of the operative procedure was linked to the formation of heterotopic bone. Toom et al. [54] quantified the operative time of 100 minutes as the critical time period above which there is a greater risk of HO. Hip resurfacing arthroplasty has been associated with increased rates of HO. Total rates of HO in our study were 46%, as compared to 33% in Group 1 and 58% in Group 2, with a rate of reported by Back et al. [8] of 58% (Table 3) . Higher rates of HO in resurfacings are likely due to more surgical dissection, longer operative times, and increased difficulty as compared to THA [9, 23, 29, 50] . In our study, raw analysis of the data suggests otherwise. Group 1, using the draping technique to limit bone debris, had a higher mean operative time yet lower HO rates than Group 2 with shorter average operative times (52 minutes shorter) yet higher HO rates. This contradicts the literature, as we would expect higher rates of HO in Group 1 secondary to longer operative time, but Group 1 has lower rates of HO with the draping technique. Operative time independently predicted the formation of HO when both groups were pooled. This contradicts the literature and highlights the importance of the surgical technique, supporting our presumption that removal of bony debris during femoral preparation reduces the formation of HO. Male gender is also a risk factor for HO [2, 3, 18, 25, 39] and was a risk factor in our patient population. Numerous studies have looked at surgical approach in association with HO and reported trochanteric osteotomy is related to the highest incidence, while the posterior approach for THA is associated with the lowest incidence [18, 24, 25, 27, 33, 38] . Other reports by Duck and Mylod [17] and Morrey et al. [32] suggest no difference in HO formation and surgical approach used. HO prophylaxis is not without expense and complications, and surgical excision is an unwanted second procedure that has morbidity associated with it [11, 20, 27, 37, 39, 40, 57] .
While patient risk factors cannot be controlled, our data suggest using a sterile plastic drape can decrease the incidence of HO by carefully collecting and limiting bone debris in the wound. We recommend using a plastic drape to capture femoral head reamings to limit the bone debris deposited in the wound and thus limit the formation of HO. 
